Objectives: To compare the effectiveness of laparoscopic common bile duct exploration in patients with failed endoscopic retrograde cholangiopancreatography (ERCP).
INTRODUCTION
Secondary bile duct stones are present in as many as 15% of patients with gallstones. They are associated with severe complications, such as pancreatitis and cholangitis. 1, 2 After the introduction of laparoscopic cholecystectomy, endoscopic retrograde cholangiopancreatography (ERCP) replaced open surgery as the gold standard for the treatment of common bile duct stones. The benefits of the preoperative endoscopic treatment (ERCP) followed by LC (2-step approach) are substantially better compared with open surgery, regarding postoperative pain, hospital stay, return to work, and cosmesis. 3, 4 However, ERCP has some issues, such as procedure-related complications and failed ERCP with a rate as high as 10% to 25%. 5, 6 The limitations of endoscopic treatment are related to the complexity of doing a correct cannulation of the ampulla of Vater and stone retrieval. Patients with failed ERCP are considered high-complex cases. [5] [6] [7] The failure in retrieving bile duct stones by using ERCP is an absolute indication for performing CBDE. Once the laparoscopic surgeons have gained experience with laparoscopic cholecystectomy, minimally invasive surgery moved one step forward, to LCBDE. Since the first experiences reported in 1991, [8] [9] [10] this procedure has been done together with new technologies, currently considered as effective as ERCP. 11, 12 Some reports support the 1-step approach over the 2-step approach in terms of costs and hospital stay. [13] [14] [15] We reported our initial experience with LCBDE in 2005. 16 Thereafter, we have been doing the procedure with the choledochoscope and the fluoroscopic-guided wire basket. 17, 18 Some of our patients are referred to us because of failed ERCP, in particular high-complex patients. The objective of this article is to report our experience with LCBDE in patients with failed ERCP and compare them with the outcomes of patients who underwent the 1-step approach (LCBEϩLC) with no prior ERCP. duct exploration between February 2005 and October 2008. All the patients were included in the LCBDE protocol. Then after 3 and a half years, we retrospectively analyzed the variables contained in our database.
Preoperative evaluation included liver function tests, abdominal ultrasound, and cardiovascular evaluation. All patients were informed regarding therapeutic options, and informed consents were signed.
Technique for Laparoscopic Common Bile Duct Exploration
Once Calot's triangle is dissected and the anatomic structures identified, an intraoperative cholangiography is performed (IOC). IOC is achieved by placing an LT 300 titanium clip in the proximal aspect of the cystic duct, and a partial cut distal to the clip is done with a laparoscopic scissors. A cholangiocatheter or Intracath N°14 is introduced into the abdominal cavity via the Intracath needle, using it as an additional trocar so that the surgeon's hands are free to perform the cystic cannulation. The catheter is advanced through the cystic duct and is secured by using an additional clip. After a test with physiologic solution, taking care of any leak due to a loose clip, the contrast is passed under direct vision using the fluoroscope.
The IOC allows the surgical team to identify or confirm the presence of bile duct stones (Figure 1 ). The IOC also depicts a map of the extrahepatic biliary anatomy, especially in patients with failed ERCP, due to the difficulty in cannulating the ampulla of Vater.
After a positive IOC, the next step is to perform a common bile duct exploration. The LCBDE should begin via the cystic duct given that, compared with a choledochotomy this pathway is associated with lower morbidity and costs. 19, 20 However, regarding patients with failed ERCP, due to the difficulty in bile duct stone retrieval, the transcystic approach appears to be unfeasible, and a choledochotomy is usually done.
Before the supraduodenal choledochotomy is done, a 4-0 Vicryl suture is placed over the common bile duct to handle it and make the procedure more feasible. Once the choledochotomy is done, the exploration and bile duct stone retrieval begins under direct vision using a choledochoscope, which has been our standard procedure since 2005 (Figure 2) . Sometimes, in these high-complex cases, a wider choledochotomy is needed matching the size of the bigger stone, preventing serious tears in the common bile duct (Figure 3) . After retrieving the bile duct stones, a T tube is placed and secured, and a final IOC is done. A subhepatic drain is placed.
Statistical Analysis
The variables and demographics were compared with the rate of success and the postoperative course. The means were calculated for continuous variables. The frequency and percentage were calculated for nominal variables. The Student t test was calculated to compare the success rate between the 2 groups.
RESULTS
Nine of the 25 patients (36%) included in this study were referred from the department of gastroenterology after a failed ERCP. A 1-step approach, LCBDEϩLC, was performed in the other 16 patients.
The failed ERCPs were due to the difficulty in cannulating the ampulla of Vater (4 patients) and difficulty in stone retrieval (5 patients), due to the presence of intrahepatic bile duct stones or huge common bile duct stones (Table 1 ).
These 9 patients were operated on with the intention of performing LCBDE; however, the conversion rate was 33.3%. Intrahepatic bile duct stones and embedded stones in the ampulla of Vater were the cause of conversion to an open procedure ( Table 2 ). The hospital stay was 4.5 days (range, 2 to 8), which is related to the conversion rate shown, and also because these patients underwent a common bile duct exploration via choledochotomy. In a mean follow-up of 22 months, no residual lithiasis has been reported.
Comparing high-complex cases (failed ERCP) with the 1-step approach cases (LCBDEϩLC), the success rate between them is widely evident (66% vs 87.5%, respectively). The same happens when operative time and hospital stay between both groups are compared. However, because this series is small, no statistical significance in these parameters exists (Table 3) .
DISCUSSION
After its introduction in the 1970s, ERCP along with the endoscopic sphincterotomy became the gold standard in the treatment of common bile duct stones. This procedure is done in patients with a high-suspicion of common bile duct stones or patients with demonstrated bile duct stones. ERCP effectiveness is between 75% and 90%. [5] [6] [7] This endoscopic procedure (ERCP) has some failure-related factors, such as postsurgical gastrointestinal anatomic variations (Billroth II), duodenal diverticulum, embedded stones in the ampulla of Vater, intrahepatic bile duct stones, and common bile duct strictures. 5 The presence of a duodenal diverticulum is frequent, particularly in the elderly. Ampullae of Vater located at the bottom of the diverticulum are the main cause of failure in cannulation and stone retrieval. Cannulation rate in juxtapapillary diverticulum is 78% and 38% when the ampulla is at the bottom. 21, 22 The presence of several stones or big stones is usually the cause of ERCP failure. The multiple attempts and maneuvers performed increase the complication rate, such as pancreatitis, bleeding, or perforation. 23 Biliary strictures are another cause of ERCP failure. Fortunately, they are infrequent in our area. Billroth II gastrectomy is considered a big challenge for ERCP performers with success rate barely reaching 60%. The complexity is not only due to the difficulty in reaching the ampulla but also in achieving the exact location of the endoscope prior to cannulating it. 24 Surgery must be performed in every patient with a failed ERCP. With the advance in minimally invasive surgery, LCBDE is now considered effective, safe, and feasible. 12, 25 The development of new surgical techniques and reaching the learning curve for LCBDE has led to considering the 1-step approach as an option for patients with gallstones and suspected choledocholithiasis. The United States National Institutes of Health consensus and the British Society of Gastroenterology recommendations report LCBDE as effective as ERCP in the treatment of choledocholithiasis. 12, 26 We strongly suggest the routine use of the choledochoscope assistance in all cases. It has been our standard procedure. In our experience, the success rate of the blind basket technique or under fluoroscopic guidance is as low as 30%. We have been performing LCBDE since 2005 with a global success rate of 80%, morbidity of 8%, and no mortalities. [16] [17] [18] However, when analyzing the cases of failed ERCP only, we notice that the effectiveness decreases (66%). The main causes of conversion to an open procedure, as in specialized centers, are the presence of intrahepatic bile duct stones and embedded stones in the ampulla of Vater. 27 There are no preoperative indicators for LCBDE failure.
CONCLUSION
Similar to the findings of Karaliotas et al in 2008, 28 who reported a success rate of 64.5%, this study shows that patients with failed ERCP should definitely be considered complex cases. In these patients, the effectiveness of the laparoscopic procedure decreases, and the conversion rate increases considerably. 
